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INTRODUCTICN

In the previous report it was stated that ve bad extended the computer
programs to include 33 and 3p functions along with 1s, 28 and 2p functions for the
calculation of the electronic wave functions and total energies of diatomic
molecules. Ve also stated in that report that most of the work done upto date
vas appiied to the equilibrium distances of the ground, ionized and excited
states of diatomic molecules. We bave now extended this work to a number of
internuclesr distances of these molecules to obtain the potential energy curves.
Furthermore, we bave also built up programs where, in addition to the uswual
treatment, we have varied the screening constants of the basic function to obtain
the best ICAO MO's. So far the best ICAO MO work is confined to 1ls, 28 and 2p
functions. Attempt is now being made to include 3s, 3p and 3d functions in the
calculation of the best ICAO MO's. We hope to describe these results in the
coming report. The work during the last six months got a special impetus due to
time allotted to us on IEM TO94 computer of the Institute for Space Studies,

475 Riverside Drive, New York, New York. The excellent facilities and co-
operation of the personnel of the Institute ave made it possible for us to make
good progress in this work.

Reaade . Ca ..

Roop C. Sahni
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Work carried out during the above period can be given under the following headings:

(1) Computation of the Wave Functions ani Total Energies of the Different
Blectronic States of Isoelectronic N2 and CO Molecules with A View To
Predict Their Equilibrium Distances.

(2) Prediction of the Ground, Ionized and Excited States of NF Molecule
From the Juantim Mechanical Treatment of the Isoelectronic 0, and OP
Molecules. 2

(3) Development of the Computer Programs To Calculate tbe Best ICAO MO's
for Bomopolar Diatomic Molecules.

(4) Development of the Computer Programs To Calculate the Best LCAO MO's
for Heteropolar Diatomic Molecules.

(5) Development of the Semi-empirical Procedures Such As R-K-R Method To
Compute Potential Energy Curves of Diatomic Molecules.

(1)

'byB. C. Sawhney, 0. P P.AnandandR C. Sahni

The automatic homo- and hetero programs have been used to calculate the
vave functions and total energies of six electronic states of 32 and seven states

of CO at a number of internuclear distances to calculate their equilibrium distances.
The programs used Slater orbiteals as basic functions. The calculated equilibrium
distances are the first approximation to the more exact work, where the screening

constants are varied, now in progress. The computed energy values are given in
Table I and Table II and the caleulated equilibrium distances from the above data
are given in Table III and Table IV along with the cbserved values.

(2) PREDICTIOR OF THE GROUND, IONIZED AND EXCITSD STATES OF THE NF MOLECULE
FROM THE QUANT(M

Wéﬁ'ﬁﬁﬁf"" M‘fﬁm‘“‘“é TR
MOIECULES T
"oy R, C. Sabni

The automatic homo and hetero programs Imve been used to calculate the
wvave functions and total energies of the isocelectromic 02 and NF molecules and thus
calculate their equilibrium distences. NP molecule has not been so far detected
experimentally. 8ince NF is iscelectronic with 02 molecule, the four states of NP,
corresponding to those of 02 molecule, have been computed. The nomenclature and
configuration of the states of NF are as follows:
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TBIE III
BQUILIBRIUM DIATARCES (Re) OF THE VARIOUS ELECTRONIC
STMTES OF N, MOIECUIE IN ATOMIC UNITS (a.u.)

EQUILIERIUM DISTANCE
STATE CAICUIATED OBSERVED °/o ERROR
m,x! z:; o2 2.06T5 3.99%0
a3 = 2.48 2.4435 1.49%0
Su 2.20 2.1699 1.38%6
31 . 2.34 2,2910 2.14%/0
n"'
2g 2 = 2.23 2.109% 5.72°%/0
»?g 2.11 £.0315 3.86%0
MKR IV

EUILIBRIUN DISTANCES GF THE VARIOUS EIECTRONIC STATES
OF CO MOLECULE IN ATOMIC UNITS (e.u.)

| EQUILIERTUM DISTANCE
smame CALCUIATED OBSERVED °/o ERROR

co x LI+ 2.18 £.132 2.250/0

adn 2.365 2.2853 3.498%0

ada 2.65 2.5688 2.36%0
Co" g2 pe 2.21 2.1072 4.87°/0

A® ot 2.51 2.3502 6.79%/0

B2zt 2.2k 2.2085 1.42%0

c 2y 2,60 —_ —

-
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The computed total energies of the states of 02 are given in Table V and those of
NF in Table VI. The calculated equilibrium distances from the above data are
given in Table VII for states of 02 moleculs along with observed data.

The predicted equilibrium distances of the states of NF along with excitation
and ionization energies are given in Teble VIII. The above results are preliminary.
A more complete study using the best MO's (where both the linear coefficients and
orbital exponents are varied) is under wvay. The complete results will be described
in the next report.

(3) DEVELOPMENT CF THE COMNPUTER PROGRAM FOR THE WARIATICHN OP THE SCREENING

It vas stated in the previocus report that an autcmatic program as been
built up which computes wvave functims and total energies of hamopolar diatomic
molecules. This program can compute six to seven states of the same molecule in
3 - § minutes in a single run. The program uses fixed screening constants as an
input data. It is usual to use Slater screening comstants. In order to get the
best wvave functions and total energies it is necessary to vary the screening
constants to optimize the total energy. 8uch & program has been constructed and a
number of states of 32 end O, have been computed. The total energies of these
states are given in Table IX along with those computed by using only Slater's
screening constants. In all cases best ICAQ MO's give better results.

(&) DEVELOPMENT OF THE COMPUTER PROGRAMS FOR THE VARIATION OF THE SCREENING
CORSTANTS

An ‘asuto vary' program has been dbuilt up which varies the screening
constants of the different atomic orbitals of heteropolar molecules till the

optimized energy is obtained. This progrem is more complicated than a similar
progran for hamopolar molecules. %This program has been used to calculate the
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a = T.6528 B=y=ads=2.205
R 0232; o, ta 02"11 0, n
2,00 -1492,02007666 ~148.93554115 -148,48109627 ~148,66397476
2,05 ~-149,04T32704 ~-148,96336937 -148.53122520 ~-148.68243599
2,10 ~149.06742668 «148.9840331k% «148.57303238 -148. 69430542
2,15 -149,08137894 -148.99849701 ~148.60758761  «148.70056343
2,20 ~149,09014702 «149.00779533 ~-148.63587379 -148.70213509
2.25 -149.0944030% -149.01255989 -148.65663800 -148.69966125
2.30 -149.03491158 -149.01353455 -148.67663765 -148.69385719
2.35 -149.09214592 -149.01122856 -148.69046211 -148.68519783
2.4%0 -149,08661842 ~149,00615120 ~248. 70061684 ~-148.67414665
2.45 -149.07877TT31 -148.99673161 -148.70763397 -148.66114235
2.50 -149,06890488 ~148,88927879 -148. 71180344 -148,646455T6
2.55 ~149,05746460 -148,978225T1 -148. 71364784 ~148.63051987
2.60 -149.04456202 -148.965T1732 -148.71332932 -148.61343002
2.65 -149.03048897 ~-148.95200157 ~148. 71114159 «148.59544045
2.70 -149,01556113 -148, 93743706 -148. TOT48901 «148.57689476
2,26170 | -149,09510422 -149,01355362 -148.67054176 ~148.69631004
2,23705 | -149.09498596 -148.01357651 -148.67571831 -118.694297T9
2,12163 | -149.07h1634k -148,92098587 -148.58880615 -148.69765663
2.61025 -149,04183960 -148. 96305084 «348. 71307755 -148.60987091

9.
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TBIE VI
INTERNUCLEAR T0M]L ERERGIES (ATOMIC UNITS)
DISTAICE (R) 3 1 + 2 + &
(ATOMIC RIITS) X’ W ~A - A X" I
2.00 ~153.0760 ~152,96849 -152.7468 ~152.4587
2,20 ~153.175% -153.0842 ~152,8141 ~152,645%
| 2,25 -153.1877 «153.0965 -152,819% -152.6T73
| - 2,30 <153.1963 | -153.10%1 -152.8214 152, 7048
2.35 «153.2011 -153.1101 ~152.8197 -152, 7282
2.% 2153.20k | -153.1135 <152.8175 <152, 7484
2.45 «153.2046 -153.1138 -152.8121 <152.7653
2.50 -153.2026 -153.1120 -152.8049 «152,T793
2.55 . =153.1991 -153.1087 -152.T965 -152,7911
2.60 -153.1939 -153.1039 -152. 7866 -152.8007
2.80 «153.1619 «153.0740 -152.8224
. 2.85 -153.1508 -153.0638 -152.8235
2.90 ~153,1398 -153.0538 -152.8248
2.95 -153.0432 -152.8242
3.00 ~153.0329 -152.8235
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In the previous report it was stated that we had extended the computer
programs to include 38 and 3p functions along with 1s, 28 and 2p functions for the
calculation of the electronic wave functions and total energies of diatomic
molecules. We also stated in that report that most of the work done upto date
vas applied to the equilibrium distances of the ground, ionized and excited
states of diatomic molecules. We bave now extended this work to a number of
internuclear distances of these mdlecules to obtain the potentiasl energy curves.
Furthermore, we bave slso built up programs vhere, in addition to the usual
treatment, ve bave varied the screening comstants of the basic function to obtain
the best ICAQ MO's. 8o far the best ICAQ MO work is confined to 1ls, 28 and 2p
functions. Attempt is now being made to include 38, 3p and 3d functions in the
calculation of the best ICAO M)'s. We hope to describe these results in the
coming report. The work during the last six months got a special impetus due to
time allotted to us on IEM TOS4 computer of the Institute for Space Studies,

475 Riverside Drive, New York, New York. The excellent facilities and co-
operation of the personnel of the Institute lave made it possible for us to make
good progress in this work.

Reend €. (o 0.,

Roop C. Sehni
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Work carried out during the above period can be given under the following headings:

(1) Computation of the Wave Functions and Total Energies of the Different
Electronic States of Iscelectronic Na and CO Molecules with A View To
Predict Their Bquilibrium Distances.

(2) Prediction of the Ground, Ionized and Excited States of NF Molecule
From the Juantum Mechanical Treatment of the Isoelectronic 02 and NF
Molecules.

(3) Development of the Computer Programs To Calculate the Best ICAC MD's
for Bomopolar Diatomic Molecules.

(4) Development of the Computer Programs To Calculate the Best LCAO MO's
for Heteropolar Diatomic Molecules.

(5) Development of the Semi-empirical Procedures Such As R-K-R Method To
Compute Potential Energy Curves of Diatomic Molecules.

(1) COMPUIATION OF THE WAVE FUSCTIONS AND Tom ERERQIES (P HE DIFFERENT

by ’n."d Sawhney, 0. P. Am.nd amﬁ? C. Sehni

The automatic homo- and hetero programs have been used to calculate the
wvave functions and total energies of six electronic states of 32 and seven states

of CO at a number of intermucleer distances to calculate their equilibrium distances.
The programs used Slater orbitals as basic functions. The calculsted equilibrium
distances are the first approximation to the more exact work, where the screening
constants are varied, now in progress. The computed energy values are given in
Table I and Table II end the calculated equilibrium distances from the sbove data
are given in Teable III and Table IV along with the observed values.

(2) PREDICTION OF THE GROUND, IQNIZED AND EXCITSD STATES OF THE NF MOLECULE
mmmmw T “mc 0, T\'E‘ﬂ"

MOLECUIES -
by R. C. Sahni

The automatic homo and hetero programs lave been used to calculate the
wave functions and total energies of the isoelectronic 02 and NF molecules and thus
calculate their equilibrium distances. KF molecule bas not been so far detected
experimentally. Since HF is isoelectronic with O, molecule, the four states of NP,
corresponding to those of 02 molecule, have been computed. The nomsnclature and
configuration of the states of NF are as follows:
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M™MRE IIT
EBQUILIBRIUM DIATANCES (Re) OF THE VARIOUS ELECTRONIC
STATRS OF N, MOLECULE IN ATOMIC WHITS (a.u.)

EQUILIERIUM DISTANCE
STATE CALCULATED OBSERVED ®/o ERROR
myx ! = 2,15 2.0675 3.99%/0
a3zt 2,48 2.4435 1.49%%
o 2,20 2.1699 1.3%%6
31 c 2,34 2.2910 2.14%/0
+*
B e o
b 4 2; 2.23 2.1094 5.72%0
Ty 2.11 2.0315 3.86%0
MHZ IV

EQUILIBRIUM DISTANCES CF THE MGBHECMIOMES
OF CO MOLECULE IN ATOMIC UWITS (a.u.)

] EQUILIBRIUM DISTANCE
sng. \ CALCUIA'TED OBSKRVED °/o ERROR

co x 1z¢ 2.18 2.132 2.25%/0

adn 2.365 2.2853 3.498%0

ada 2.65 2.5888 2.36%0
Co" ;2 gt 2.21 2,1072 4.87%/0

A n} 2,51 2,3502 6.79%/0

B2zt 2.2k 2.2085 1.42%%

c2gt 2.60 S —
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The computed total energies of the states of O2 sre given in Tadble V and those of
RF in Table VI. The calculated equilibrium distances from the above data are
given in Teble VII for states of 02 molecule along with observed data.

The predicted equilibrium distances of the states of NF along with excitation
and ionization energies are given in Table VIII. The above results are preliminary.
A more complete stuly using the best MO's (where both the linear coefficients and
orbital exponents are varied) is under way. The complete results will be described
in tbe next report.

(3) DEVELOPMENT OF THE COMPUTER PROGRAM FOR THE VARIATION OF THE SCREENING

CROILINTG OF THE 1s, 28 AND 2p ATOMIC ORBITALS 10 ODIMIN BEST LCAO MO'S

FOR THE DIFFERENT ELECTROBIC OWI%S OF DIATOMIC BOMOPOIAR MOLECULES

by R. C. Sabni and C. D. la Budde
It vas stated in the previous report that an autcmatic program bhas bdbeen

built up vhich computes wave functions and total energies of homopolar diatomic
molecules. This program can coampute s8ix to seven states of the same molecule in
3 - I minutes in a single run. The program uses fixed screening constants as an
input data. It is usual to use Slater screening comstants. In arder to get the
best vave functions and total energies it is necessary to vary the screening
constants to optimize the total energy. Such a program has been constructed and a
number of states of 1!2 and °2 have been computed. The total energies of these
states are given in Table IX along with those computed by using only Slater's

screening constants. In all cases best ICAQ MO's give better results.

(%) DEVELOPMERT OF THE COMPUTER PROGRAMS FOR THE VARIATION OF THE SCREENING
CONSTANTS Q

An 'suto vary' program has been built up which varies the screening
constants of the differeant atomic ordbitals of hsteropolar molecules till the

optimized emsrgy is obtained. This program is more complicated than a similar
program for homopolar molscules. %his program has been used to calculate the
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TBIE V

o = T.6528 pey=be=2.25
R 0232; 0,14 02"11 0, °n
2,00 -149,02007866 ~ »148.93554115 ~148. 48109627 -148,6639Tk76
2.05 ~149,0k732704 -148,96336937 ~148.53122520 -1418.68243599
2.10 -149,06742668 -148,98403314 -148.57303238 -148,69430542
2.15 -149,08137894 -348.9984k9701 -148.60738781 ~148. 70056343
2,20 ~149.09014702 ~149,00779533 -148.63587379 -148. 70213509
2.25 ~149,00440804 -149,01255989 -148.65663800 -148.69966125
2.30 -149.09491158 -149.01353455 -148.67663765 -148.69385719
2.35 -149.09214592 ~149.01122856 -148.6904622), -148,68519783
2.40 -149,08661842 ~148.00615120 -148. 70061684 -148.67h14665
2.45 -149,078TTT31 -148,998731461 -148. 70763397 -148.66114235
2.50 ~149.06820488 ~-148,98927879 -148. 71180344 -148,.64645576
2.55 -149.05746460 -148,97822571 ~148. 7136404 ~148.63051987
2.60 «149.04456902 -148.96571732 -148.71332932 -148.61343002
2.65 -149.03048897 ~148.95800157 -148. 71114259 -148.595uk045
2.70 -149,01556113 ~148,93T43706 -148. 70748901 -148,57689476
2,28170 | -149.09510422 -149,01355362 -148.67054176 «148.69631004%
2.29705 | -149.09498596 <148,01357651 -148.67571831 -248,694297TT9
2,12163 | -149.0741634k4 -148.92098587 ~-148.58880615 -148.69765663
2.61025 -149,04183960 ~148, 96305084 -148. 71307755 -148,60987081

9.




TOT], ENERGIES OF STATES OF NP AT VARIOUS R_

TBE VI

INTERNUCLEAR T0OML ENERGIES (ATOMIC UNITS)

DISMAICE (R) 3 T -] + 4

(ATOMIC UNITS) wx°’:z A - A X n
2.00 -153.0760 -152,9849 «152. 7468 -152,4587
2.20 «153.175% -153.0842 -152,8141 -152.6454
2.25 «153.18T7 ~153.0965 -152.8154 «152.6773
2,30 «153.1963 «153.1051 -152.8214 -152,T048
2.35 «153.2011 -153.1101 -152.8197 -152. 7282
2.40o '-153.2084 | -153.1135 -152.8175 152, Th8k
2.45 -153.2046 -153.1138 -152.8121 -152,7653
2.50 «153.2026 -153.1120 ~152.8049 -152,7793
. 2,55 . =153.2991 -153.1087 «152.7965 -152. 7911
2.60 «153.1939 -153.1039 ~-152, 7866 -152.8007
2,80 -153.1619 ~153.0740 -152,8224
2.85 ~153.1508 -153.0638 -152.8235
2.90 «153.1398 ~153.0538 ~152.8248
2.95 -153.0432 -152,8242
3.00 -153.0329 ~152.8235




TABIE VII

BQUILIBRIUM DISTANCES OF THE VARIOUS STATES OF

O, MOLECULE IN ATOMIC WNITS {a.u.)

BQUILIERIUM DISTANCE (a.u.)
STATE CALCUIATED OBSERVED /o ERROR
3
ala : 2,29 2.29705 —
. |
% x2q . 2.19 2.1216 3.22%/0
a b . 2.57 2.6103 1.54%/0
TRIE VIII
PREDICTED EQUILIERTUM DISPANCES OF THE VARIOUS STATES
OF XF VOLECULE ALONG WITH PREDICTED IGNIZATION AND
EXCIPATION ENERGIES
STATR CAICULATED EQUILIBRTUM VERTTCAL IONIZATION AND
DISTAICES (a.u.) EXCITATION ENERGIES (eV)
" z 2.% n—
1a 2,43 2.47
xrt |
2 2,30 10.65
.89
“n 2.8 12.04




TOTAL ENERGIES AS WELL AS IONIZATION ARD EXCITATION

mamnmmmmwuamoa

MOIECUIES AT R¢2.w75 a.u, AND 8’2.%167 B,
RESPECTIVELY

MBIE IX

TOTAL ERSRGIBS I8 (a.u.)

JONIZATION QR EXCITTION ENERGIBE IN e.V.

- —— s

SMIES SIATER'S SET BEST ICAO ID's | GIATER'S SET | BEST ICAO MO's| OBSERVED
Rzt | 085736 -108,6335 — — -
a3zl -a08.30m ~108, 3665 7.19 7.265 7.7
33n] -w00.2063 -108.3357 8.103 8.21 8.12
c3n| -108.108 ~108.1587 12.92 12.78 1.25
Bpx®st | -a08.c00 -108.0762 15.16 15.81 15.576
x*rr | -ao7.0u32 ~107.9207 19,140 19,99 18.72
0, XX | -1e.00 ~149.1173 — - -
atal w05 -149.0375 g.22 2.17 1.0
ogx®m} .us.bem -148.7116 11,04 11.93 12.2
en -148,.6602 -148.6707 3219 13.07 16.1




TOML ENERGIES AS WELL AS IONIZATION AND EXCITATION
ENERGIES OF THE DIFFERENT STATES OF CO, HO AND CR

mm ATR » 2.132 Qelkey R= 2.17h72 Q.U
m Re 202]-“1‘1 a.u. RESPECTIVELY

MBIE X

JOTL ENERGIES IN (e.u.)

IONIZATIOR OR EXCITATION ENERGIES IN e.V.

-

STATES SIATER'S GET BEST ICAO MD's | SIATER'S SET | BEST LCAO MO'S |OBSERVED
coxtxt | -me.3u3% -112.3024 - - -
adn -112.1118 -112,2438 6.31 6.7 6.33
a3a | -ne.ou50 ~112.0923 8.12 8.16 9.55
co* ,
> Sl -111,.8676 ~111.9070 12,95 3.2 14.009
A%q -112.7982 -111.8662 1h.8% k.32 16.58
B%g -111.5152 -111.5556 22,54 2. 77 19.69
¢2z | .-10.8032 -120.9446 39.73 39.396
sox 2n -128.7963 -128,8401 - - '—
so*x 1zt L2872 -126.52686 8.7h 8.476 9.25
Myoy - 91..9108 - 91,9500
A%n - 91.8924 - 91,9338 .50 ko 1.30
c*xlz | -a3M - 91,3917 14,595 15.191
e xls | .oanour -— o106 - -




1k,
total energies of a number of states of CO, RO and CN. The results are given in

Table X elong with those calculated by using Slater's screening. In all cases.
best ICAO MO's give better results.

(5) THE GY CURVES ARD VIERATICNAL WAVE

‘ D. C. Jain
(a) Rydberg-Klein-Rees Potentisl Energy Curves

The FKR method is very useful for calculating the realistic potential
energy curves of distomic molecules. The approximte expressions given by 8Singh
and Jain (1962a) are quite convenient to use and are known to yleld sufficiently
accurate and consistent results. 7This is apparent from the results published by
8ingh and Jain (1962b,c;196ka,b). Thus & program RKR MHHL XP has been written for
calculating the RKR curves by using Singh and Jain's expressions. The program com-
putes the RKR curves from experimental data and compares them graphically with the
Morse, the Hulburt-Hirschfelder and the Lippincott functions. Thus the performence
of these potential fumctions can be checked and the relative positions of the RKR
potential curves with respect to these potential fumctions determined. However, the
method of numerical integratiom of Klein's equations is the most accurate one for
obtaining the RKR curves. Therefore, two programs have been constructed for the
purpose. One of them ( RKV ) uses the technique suggested by Weissman, Vanderslice
and Battino (1963) for avoiding the singularity in the original equations and the
other cne ( FKG ) uses the technique of Guessian integration in the vicinity of the
singularity.

The program RKR MHHL XP has been used for computing the potential energy
curves of various electronic states of alkali molecules and of C, molecule. The
pograms RKV and RKG bave been checked by calculating the potential emergy curves

1 b §

+ + 3 -
of the X Egatateafﬁa, X Ess'la‘beoflaand B Eusﬁtoothmleculeand

it bas been found that the results obtained by the two methods are in good agreement.
(b) Vibrationsl Wave Functions Appropriate to
ntial Energy Curves ,

Jain and Sah (1962) and Jain (1964b) found tiat the WKB method yields
sufficiently accurate vibrationsl wave functions. Thus a program PSI VIB TP has
been written for computing the vibrational wave functions appropriate to the REKR
potential energy curves. It uses the VKB expressions. The solutions involving
the Bessel functions are used in the region of the turning points. The wave functions
are plotted by the SC 4020 machine. These are used for calculating the rotational
canstant Bv for various vibrational levels. These results can them be compared with




15.

the experimental values of Bv. Preliminary results indicate that in the case of

b 8

the X }3; state of Na the values of B_ obtained by this procedure agree to

about 0.2°/0 vith the experimental cnes.

A slightly modified form of this progrem is avallable which can be used for
obtaining the values of the vibratiomal and rotatiomal constants using the
theoretical potential energy curves calculated from first principles.

(¢) Vibrational Wave Functions A iate to the Morse
the Fuiburt-Hirscifeller ant. the Lippincett Fanctioms

The Morse, the Hulburt-Hirschfelder or the Lippincott potential energy
functions may be found to be quite adequate for representing the potential energy
curves of certain electronic states. Thus it would be more convenient to use these
potential functions for obteining the vibrational wvave fumctions in those cases.
The program PSI VIB WKB has been constructed with this end in view. It calculates
the vibrational wave functims appropriate to these potential functions and plots
them using the SCL020 mmchine. . These wave functions will be useful for computing
the Franck-Coudon factors and r-centroids for the vand systems involving such
elgctronic states vhose potential energy curves can be adequately represented by
any of thegse potential energy functims.
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. TABIE VII
BQUILIBRIUM DISTANCES OF THE VARIOUS STATRS OF

0, MOLECUIE IN ATGMIC UNITS {a.u.)

BJUILIERIUM DISTANCE (a.u.)
STATE CAICUIATED OBSERVED /0 ERROR
3 -
0, X7 2.28 2.28170 —
ala c 2.29 2.29705 —_—
+
%2 x2n . 2,19 2.1216 3.22%%
a b " 2.57 2,6103 1.54%/0
TBIE VIII
PREDICTED EQUILIERIUM DISPANCES OF THE VARIOUS STATES
OF XF MOLECULE ALONG WITH PREDICTED IGNIZATICH AND
EXCITATION ENERGIRS
STATE CAICUIATED EQUILYBRIUM | VERTICAL IONIZATION AKD
DISTNCES (a.u.) EXCITATION ENERGIES (eV)
w S 2.4 —
1a 2,43 2.47
xrt |
2 2.30 10.65




TOTAL ENERGIES AS VELL AS IONIZATION ARD EXCITATION
WGMWMESGHZWOQ

MOIECULES AT Re2.0675 @&.u. AND Re2,88167 a.u.

FESPECTIVELY
MEE IX
TOTAL ENERGIES IN (a.u.) IONTZATION OR EXCTTATION ENERGIES IN e.V.
STATES SIATER'S GET BEST ICAQ MD's SIATER'S SET | BRST ICAC MO'S| OBSERVED
mlst | 00,5736 -108.6335 — - -
Aa3d3sY  .108.300 -108.3665 7.19 1.265 1.70
330  -100.2063 -108.3357 8.103 8.21 8.12
¢c3 nj  -108.1085 -108.1567 12.92 12.78 1.25
5} x° z; 106,029 -108.0762 15.16 15.61 15.576
x2 z: -107.0432 -107.9207 19.40 12.99 18.72
0, X5 | .ako.0021 -1ko.1173 — - ~
atal -a49.0105 -149.0375 2.22 2.17 1.0
o} x e nl  -ae.6el -148. 7116 11.04 11.93 12.2
atn| -we.esee -148.6707 32429 13.07 16.1




TOML ENERGIES AS WELL AS IONIZATION AND EXCITATION
ENERGIES OF THE DIFFERERT STATES OF CO, KO AND CR

mw ATR = 2.]32 louo’ R= 2.17!"72 - PN 1%
AND R = 2.21441 a.u. RESPECTIVELY

MBIE X

13.

TOTAL ENERGIES IN (u.u.)b

IONIZATION OR EXCITATION EXRRGIES IN e.V.

- o

STATES SIATER'S EET BEST ICAO MD's SIATER'S SET | BEST ICAO MO'S |OBSERVED
cox tst | -ue2.343%6 -112.392% - - -
a3 -112,1118 -112,1438 6.31 6.7 6.33
ada | -nez.0850 -112,0923 8.12 8.6 9.55
co* o
b Sl » -111.8676 -111.9070 12.95 3.2 14.00g
A2n -111.7962 -111.8662 14.54 14,32 16.58
B2s -111.5152 -111.5556 22,54 22,77 19.69
¢c2z | .10.8032 -120.8446 39.73 39.396
sox 2n -128.7983 -128,8401 - — —
mot x 1 z*|  .1z8.4772 -126,5286 8.7h 8,476 9.25
g2y - 91,9108 - 91.9500
A®n - 91.8924 - 91,9338 .501 ko 1.30
ca*xlz | .a.3 - 91,3927 14,595 15.181
" xlz | . oot — -.106 - -




: 1k,
total energies of a number of states of CO, NO and CN. The results are given in’

Table X along with those calculated by using Slater's screening. In all cases
best ICAO MO's give better results.

(5) TEE POTENTIAL xmc! CURVES AND VIBRATIQHAL WAVE

. byD. 3 “Jain
(a) Rydberg-Klein-Rees Potentisl Energy Curves

The RKR method is very useful for calculating the realistic potential
energy curves of diatomic molecules. The approximate expressions given by Singh
and Jain (1962a) are quite convenient to use and are known to yleld sufficiently
accurate and consistent results. This is apparent from the results published by
Singh and Jain (1962b,c;196ke,b). Thus a program RKR MHHL XP has been written for
calculating the RKR curves by using Singh end Jain's expressions. The program com-
putes the RKR curves from experimental data andi compares them graphically with the
Morse, the Hulburt-Hirschfelder and the Lippincott functions. Thus the performance
of these potential functions can be checked andi the relative positions of the RKR
potential curves with respect to these potential functions determined. Bowever, the
method of numerical integration of Klein's equations is the most accurate one for
obtaining the RKR curves. Therefore, two programs have been ceonstructed for the
purpose. One of them ( BKV ) uses the technique suggested by Weissman, Vanderslice
and Battino (1963) for avoiding the singularity in the original equations and the
other one ( RKG ) uses the technique of Cuassisn integration in the vicinity of the
singularity.

The program RKR MHHL XP bas been used for computing the potential energy
curves of verious electronic states of alkali molecules and of C, molecule. 'The
prograns RKV apd RKG have been checked by calculating the potential energy curves

1l b §

+ + 3 o '
of the X Zga'bateofBE, X Egsﬁteofﬂalnd B Eustﬂ.teofozmleculeand

it has been found that the results cbteined by the two methods are in good agreement.
(v) Vibrationsl Wave Functions Appropriate to
ial Energ

Jain and Sah (1962) and Jain (1964b) found that the WEB method yields
sufficiently accurate vibrational wave functions. Thus a program PSI VIB TP has
been written for computing the vibrational wave functions appropriate to the RKR
potential energy curves. It uses the WKB expressions. The solutions involving
the Bessel functions are used in the region of the turning points. The wave functions
are plotted by the SC 4020 machine. These are used for calculating the rotational
constant Bv for various vibrationsl levels. These results can then be compared with




15.

the experimental values of Bv. Preliminmary results indicate that in the case of
the X T z; state of N, the values of B_ obtained by this procedure agree to

about 0.2%°/0 vith the experimental ones.

A slightly modified form of this program is available which can be used for
obtaining the values of the vibrational and rotational constants using the
theoretical potential energy curves calculated from first principles.

(¢) Vibrational Wave Functions Appropriate to the Marse

the Bulburt-Hirschfelder and the Lippincott Functions

The Morse, the Hulburt-Hirschfelder or the Lippincott potential energy
functions may be found to be quite adequate for representing the potential energy
curves of certain electronic states. Thus it would be more convenient to use these
potential functions for obtaining the vibrational wvave functions in those cases.
The program PSI VIB WKB hes been constructed with this end in view. It calculates
the vibrational wave functims appropriate to these potential functions and plots
them using the SCLO20 machine. These wave functions will be useful for computing
the Franck-Condon factors and r-centroids for the band systems involving such
electronic states whose potential energy curves can be adequately represented by
any of these potential energy functioms.
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